Introduction

42
Despite the importance of DNA as a biological repository for genetic information, the 43 vast majority of nucleic acid sequences are not targeted in molecular diagnostics applications.
44 For example, mutant populations of cell-free DNA that indicate malignancy can be as low as 45 0.01% abundance of the wild-type sequence in human plasma. 1 Major advances in nucleic acid 46 sequencing and detection technologies have provided a rapid means to routinely characterize 47 thousands of samples per day, but the detection of specific DNA sequences such as single-48 nucleotide polymorphisms remains a significant challenge due to high levels of untargeted 49 nucleic acids that increase the background signal in bioanalytical assays. 2, 3 In order to overcome 50 this bottleneck in nucleic acid analysis, sample preparation methods that capture and enrich 51 specific DNA sequences must be developed.
52
The most popular approaches for the enrichment of specific nucleic acid sequences are 53 based on magnetic beads or particles coated with streptavidin. Biotinylated oligonucleotide 54 probes that exhibit a high affinity toward streptavidin can be designed to capture DNA targets 55 via base-pairing interactions. After a washing step to remove interfering DNA molecules, the 56 extracted nucleic acid targets can be released for downstream analysis. Successive washes may 57 improve the purity of the nucleic acid recovered from the magnetic beads, but often result in 58 lower analyte yields. 4, 5 Moreover, the tendency of interferences from the sample matrix to 59 nonspecifically adsorb to the magnetic support material often requires an additional step 60 involving the use of bovine serum albumin (BSA) in the workflow to pacify or block the surface.
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220
Given that dispersive interactions primarily govern the partitioning of the ITO to the MIL 221 phase and yet the longer chain alkylimidazolium salts tended to precipitate the oligo starting 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 222 material, ITOs were synthesized to include hydrophobic groups in the anion as well. Allyl-223 bearing imidazolium salts were prepared with octylsulfate anions via metathesis reaction 224 between the bromide form of the imidazolium salt and sodium octylsulfate. 26 As shown in Table   225 1, a loading efficiency of 45±2% was observed for the 1-allyl-3-butylimidazolium octylsulfate 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Figure 2b , the amount of DNA target desorbed from the MIL 287 decreased after the first three wash steps when using either the ITO or DTO. The initial rapid 288 decrease in DNA target desorption was also observed when using unmodified oligonucleotide 289 probes, indicating that the phenomenon is due to the release of DNA non-specifically extracted 290 by the MIL support. It is important to note that a greater amount of untagged probe-target duplex 
300
Distinguishing double and single-nucleotide variants using ITOs with MIL-based
301 capture and comparison to commercial magnetic bead-based method. Single-nucleotide 302 polymorphisms are the most common type of alteration to genomic DNA and are widely 303 recognized to provide meaningful diagnostic information for numerous diseases. These 304 modifications are invariably co-localized with high levels of background nucleic acids that differ 305 by a single base pair. The selectivity of the ITO and DTO probes for complementary sequences 306 and mismatched sequences was initially tested using melt curve analysis. As shown in Table 1 307 and Figure S9 and S10, the 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 337 were studied for sequence-specific DNA extraction: 1) a hybridize-first method where the probe 338 and target are hybridized prior to capture by the MIL support and 2) a load-first method where 339 the DTO probe is first loaded onto the MIL support and subsequently used for extraction of 340 target DNA. For both methods, the optimal ratio of DTO:target (5:1) was used. Figure 3 shows 341 that when the hybridize-first method was employed for the extraction of 0.3 ng of target DNA 342 from the crude cell lysate, a Cq value of approximately 33 was obtained using the DTO probe.
343 However, a much lower Cq value (23.5±0.2) was observed for the load-first method, indicating 344 an approximate 1000-fold increase in the amount of DNA recovered compared to the hybridize-345 first method. The observation that greater quantities of DNA target were recovered using the 346 load-first method may be due to non-specific interactions between the alkyl chains of the DTO 347 and lipophilic components of the cell lysate that compete with the hydrophobic MIL. 
350
The detection of cell-free nucleic acids in human plasma has diagnostic and prognostic 351 potential for a variety of cancers. 28 Although it is an appealing alternative to conventional tissue 352 biopsies, plasma samples contain proteins and globulins that inhibit the direct PCR amplification 353 of DNA targets. 30 The extraction performance of the DTO-MIL method was investigated in 354 human plasma samples spiked with 6 fmol of a 120 bp fragment from a known oncogene, 355 KRAS, as the DNA target. The MIL and DTO-based method was also compared to an approach 356 using commercially available streptavidin-coated magnetic beads and biotinylated 357 oligonucleotides (20-mer) complementary to the KRAS fragment. Prior to extraction, samples 358 were diluted tenfold in order to minimize the non-specific extraction due to matrix interferences.
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